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TORQUE LINKAGE DAMPER

ABSTRACT OF THE DISCLOSURE

An aircraft landing gear damping mechanism
improvement of a damper containing piston means in a chamber
of a housing, an orifice in the piston means and Belleville
springs disposed in the chamber between the wall of the
chamber and the piston means on opposite sides thereof. The
improvement comprises means (e.g., in the form of a member
having slots therein) and disposed between one end of the
Belleville springs and the adjacent chamber wall, providing
fluid communication of the inner cavity and outer cavity of
the chamber below and above the Belleville springs.

B:(SPECS-1X)\8048007.UK



10

15

20

25

30

35

2084838

1

TORQUE LINKAGE DAMPER

BACKGROUND OF THE INVENTION

This invention relates to an aircraft landing gear
damping mechanism, and is more particularly concerned with an
improved damping mechanism of this type which operates
directly in conjunction with landing gear torque linkage and
combines the function of a hydraulic damper and a spring type
of damper.

In United States Reissue Patent 27,450 to
Boehringer, et al., a torque linkage damper is disclosed for
use 1in conjunction with a landing gear of an aircraft,
particularly a landing gear with a telescoping strut. As
noted therein it is common for the telescoping members of the
landing gear strut to be connected together through a scissor
type linkage commonly referred to as the torque arm linkage.
In the above patent to avoid undesirable vibrational torque
which 1s transmitted from the wheels of the aircraft and
passed through such torque arm linkage, a damping apparatus
is associated with such linkage and prevents the transmittal
of the vibrational torque from one link to another link. In
such device the body of the damper is connected to one torque
link and the piston of the damper is connected to the other
torque link.

The majority of the vibration energy in the
operation of the damper of the above patent is absorbed by
employing a restricted orifice piston. Such piston is adapted
to move reciprocally in the chamber of a housing adapted to
carry hydraulic fluid. Movement of such piston with respect
to the fixed housing forces fluid through the orifice,
generating heat and providing hydraulic damping.

In addition, the device of the above patent employs
a Belleville spring arrangement in conjunction with the
hydraulic piston to absorb a portion of the vibration. Such
springs are disposed in the piston chamber and trapped therein
between the housing and the piston. The springs also provide

a damping action which absorbs some of the force of the
movement of the piston.
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It has been found that if fluid communication 1is not
provided in the chamber on opposite sides of the piston
between the spaces above and below the Belleville springs,
fluid or oil is trapped which must be discharged during piston
displacement. As noted in the above patent, the individual
components or pieces of the Belleville springs closely abut
each other and the opposite ends of the springs closely contact
the wall of the chamber and the piston, thus undesirably
blocking any fluid passage from the inner chamber to the outer
chamber on opposite sides of the springs.

SUMMARY OF THE INVENTION

The present invention discloses a modification to

the damper of the above patent in providing a communicating
fluid path from the inner or lower chamber below the Belleville
springs to the outer or upper chamber above the Belleville
springs.

The invention provides in combination with an air-
craft landing gear strut; a linkage assembly operatively
associated with said strut, said linkage assembly comprising
two separate links connected to a vibration damping assembly,
said damping assembly functioning to substantially absorb the
kinetic energy of vibration transmitted from one of said
separate links and preventing transmittal to the other one of
said separate links; said vibration damping assembly compris-
ing a housing secured to one of said 1links, said housing
being adapted to carry fluid in a chamber formed therein;
piston means adapted to move relative to said housing within
said chamber, said other link secured to said piston means,
said piston means dividing said chamber into separate chamber
portions; orifice means in said piston means, said orifice
means communicating with the fluid in said chamber and allow-
ing restricted fluid passage therethrough in response to
relative movement of said piston means and said housing; and
spring means positioned 1n said chamber portions for absorbing
energy resulting from relative movement of said piston means
and said housing, said spring means constantly urging said

piston means to occupy a predetermined position within said
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chamber, said spring means defining inner and outer cavities
within each chamber portion on opposite sides of said spring
means; the improvement comprising first and second retainer
plates in said respective chamber portions, each retainer
plate disposed between one end of said spring means and a
wall of said respective chamber portion for retaining said
spring means therein, each retainer plate defining at least
one free flow path for fluid communication between said inner
and outer cavities defined on the opposed sides of said
spring means 1n sald respective chamber portion.

The invention also provides an improved damper
assembly having: a housing attached to one 1link of a linkage
assembly, said housing defining a chamber for holding fluid;

a piston attached to another l1link of the linkage assembly, said
piston disposed within the chamber defined by said housing for
limited movement therein, said piston dividing the chamber into
separate chamber portions; a spring device disposed within a
chamber portion to thereby define first and second cavities
within the respective chamber portion on opposite sides of

sald spring device; and a retainer positioned within the
respective chamber portion for retaining said spring device
therein, said retainer having a plurality of openings for
enabling fluid to flow around said spring device between said
first and second cavities.

Thus, during piston displacement within the chamber,
a fluid path is provided which by-passes and flows around the
Belleville springs and permits fluid communication between the
inner and outer chambers on opposite sides of the springs.
This feature is necessary to provide consistent damping
characteristics.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 illustrates installation of the damping
apparatus of the invention upon a single axle aircraft landing
wheel ;

Fig. 2 is a side elevation of the invention damper,
partly in section, showing its cooperation with the torgque arm

linkage arrangement of the landing wheel strut;
2a
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Fig. 3 1s a detail of the structure of the invention
damper; and

3

Fig. 3a is a section taken on line 3a-3a of Fig. 3.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Referring particularly to Fig. 1, there is shown a
landing gear strut 10 of an aircraft having an axle 12
connected thereto on which are mounted landing wheels 14.
Strut 10 1is of the telescoping type and is hydraulically
operated to collapse and fold within the aircraft fuselage by
actuating means well known in the art (e.g., as disclosed in
the above patent).

Since strut 10 is formed of two elements, outer
cylinder 16 and piston 18, one of which telescopes within the
other, to insure that one member 18 is maintained in alignment
with the other member 16 and the tires are maintained straight
ahead without rotating with respect to each other, a linkage

arrangemeént 1s provided comprised of an upper link 20 and a .7

lower link 22, often referred to as a scissor link. ‘'Line 20
is connected to the outer cylinder 16 and link 22 is connected
to the piston 18, which in turn is connected to the axle.
The torque links tend to move rotationally, and
because of instability there is free play between the torque
links. thus, the unattached ends of the links 20 and 22 are
connected to a damping structure 24 according to the
invention, which functions to substantially absorb the kinetic
energy of vibration transmitted from one of the links such as
22 and preventing transmittal to the other 1link 20. In this
manner any undesirable vibrational torque is absorbed prior
to transmittal to the landing gear strut and thus prior to

reaching the structure of the aircraft to which it can cause
damage.

Referring now to Fig. 2, showing the damper 24 of
the invention, 1links 20 and 22 are connected in spaced
relation on the damper 24, providing gaps 25 between the links
and between link 20 and the damper structure, so as to enable
the torque links to move back and forth with respect to each

other. Torque link 22 is connected via a washer 26, spacer
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28, and bolt 30 to the piston 32. The piston 32 carries
piston rings 34 within an annular chamber 36. Chamber 36 is

formed within a housing 38 and is radially bounded by sleeve
40 and piston rings 34. Elastomeric seals 39 are provided
between piston 32 and the housing 38. Piston 32 divides

chamber 36 into equal chamber parts 41 and 43 for the purpose
of confining a hydraulic fluid. Piston 32 has an axial
passageway 42 1including an orifice 44, connecting chamber
portions 41 and 43. Torque link 20 is bolted to the housing
38 and hence is fixed with respect to torque link 22.

As the piston 32 moves with respect to the fixed
housing 38 as result of axial movement of torque link 22, one
of the two chamber portions 41 and 43 on opposite sides of
piston 32 becomes smaller with respect to the other chamber
portion so that oil is forced through the orifice 44 absorbing'
energy to provide a damping action which is dependent on the
flow rate established by the diameter of the orifice.

Also, to assist in linear vibration damping and to
absorb some of the force of the movement of piston 32,
Belleville springs 46 and 48 are provided in chambers portions
41 and 43, respectively, disposed between piston 32 and the
opposite walls of chamber 36. These are preloaded springs
having a relatively high load on them, and are trapped between
the piston and the housing in a certain area. It is thus seen
that the springs 46 and 48 block fluid communication between
each of the inner and exterior cavities 47 and 49 of chamber
portions 41 and 43 below and above the springs therein. 1In
the absence of fluid communication between each of such inner
and outer cavities on opposite sides of the springs in each
of chamber portions 41 and 43, hydraulic fluid is trapped
which has to be discharged when the piston 32 moves back and
forth, as through imperfect fit between Belleville springs 46
and 48. The multiple abutting Belleville washers of springs
46 and 48, it has been found from experience, do not provide
sufficient clearance to permit passage of fluid across the
springs between inner and outer chambers 47 and 49.

A communicating free flow fluid path is thus
provided, according to the invention, between the inner and
outer cavities 47 and 49 on opposite sides of springs 46 and
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48, in each of chamber portions 41 and 43. This is achieved
by utilizing the circular retainer 50, adding multiple flow

slots 52 (see Fig. 3) positioned between the outer end of each
of the Belleville springs 46 and 48 and the adjacent chamber

wall. As more clearly seen in Figs. 3 and 3a, the circular
retainer 50 has a hub portion 54 and an outer flange portion
56, with the slots 52 passing through both portions. The
retainer also has a lip portion 58 which functions to retain
in position a flapper valve plate 62 and a wave washer spring
60. As pilston 32 is reciprocated, fluid is accordingly free
to flow from the lower or inner cavity 47 of each of chamber
portions 41 and 43, below springs 46 and 48, through slots 52
of retainers 50, into the upper or outer cavities 49 of such
chamber portions, and vice versa.

A reservolr 64 1s provided exteriorly of the housing
and functions to conduct fluid through passages 66 in housing
38 and via flapper valve plate 62 into chamber portions 41 and
43. The reservoir maintains the pressure within the fluid
chamber 36 at approximately 50 psi for elimination of
cavitation of the hydraulic fluid. The wave washer spring 60
and flapper valve plate 62 permit fluid free access from the
reservolr to the chamber portions 41 and 43.

Although 1in the preferred embodiment herein
described a slotted retainer plate is employed to provide
fluid communication in the chamber between the cavities on
opposite sides of the Belleville springs, it will be
understood that other arrangements of flow paths can be

provided that would achieve the desired communication between
such cavities.

Thus, while only a single embodiment of the
invention has been shown herein for the purpose of
illustration, it will be apparent that various changes in the
construction and arrangement of the parts may be resorted to

without departing from the spirit and scope of the invention
as defined by the appended claims.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. In combination with an aircraft landing gear strut;
a linkage assembly operatively associated with said
strut, said linkage assembly comprising two separate links
connected to a vibration damping assembly, said damping
assembly functioning to substantially absorb the kinetic
energy of vibration transmitted from one of said separate
links and preventing transmittal to the other one of said

separate links;
sald vibration damping assembly comprising a housing

secured to one of said links, said housing being adapted to
carry fluid in a chamber formed therein;

piston means adapted to move relative to said
housing within said chamber, said other link secured to said
piston means, said piston means dividing said chamber into
separate chamber portions;

orifice means in said piston means, said orifice
means communicating with the fluid in said chamber and allow-
ing restricted fluid passage therethrough in response to
relative movement of said piston means and said housing; and

spring means positioned in said chamber portions
for absorbing enerqgy resulting from relative movement of said
piston means and said housing, said spring means constantly
urging said piston means to occupy a predetermined position
within said chamber, said spring means defining inner and
outer cavities within each chamber portion on opposite sides
of said spring means;

the improvement comprising first and second retainer
plates in said respective chamber portions, each retainer
plate disposed between one end of said spring means and a wall
of said respective chamber portion for retaining said spring
means therein, each retainer plate defining at least one free
flow path for fluid communication between said inner and
outer cavities defined on the opposed sides of said spring

means in salid respective chamber portion.

62451-815
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2. The combination of claim 1 wherein said spring means
comprises a palr of Belleville springs disposed in each of
sald chamber portions between the wall of said chamber and

said piston means.

3. The combination of claim 2 wherein each retainer
plate is positioned between an outer end of a respective

Belleville spring and the adjacent wall of said chamber.

4. The combination of claim 2 wherein each retainer
plate is positioned between an outer end of a respective
Belleville spring and the adjacent chamber wall, each retainer
plate defining slots for communicating between said inner and

outer cavities on opposite sides of said Belleville spring.

5. The combination of any one of claims 1 to 4 further
comprising a fluid reservoir and a conduit connecting said
fluid reservoir with said chamber for providing fluid under

pressure to said chamber.

6. An improved damper assembly having:

a housing attached to one link of a linkage assembly,
said housing defining a chamber for holding f£luid;

a plston attached to another link of the linkage
assembly, said piston disposed within the chamber defined by
sald housing for limited movement therein, said piston
dividing the chamber into separate chamber portions;

a spring device disposed within a chamber portion
to thereby define first and second cavities within the
respective chamber portion on opposite sides of said spring
device; and

a retalner positioned within the respective chamber
portion for retaining said spring device therein, said
retalner having a plurality of openings for enabling fluid
to flow around said spring device between said first and

second cavities.

Smart & Biggar
Ottawa, Canada
7 Patent Agents
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